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This vention relates to aesosol dnig dispensing devices and, iy particutar, to
octive Squid i3 p o 8 holding
MMNMBMWI:MMW
Prior known aerosol dnig dispensing devices have used 3 number of different
fir afly behind o dhich pant
of o spray head, in onder that @ dose of pharmecoiogicaly active Oquid can de
dispensad as a spray, the p must ba o ceuse Oquid flow
though the perforste membrane.
o e has been sctuated by vibrating means andt
the pressure on the fiquid side of the perforats membrane altered by means such es a
prings jsm, Thess methods have p b

ot devions in which

pumpor
mnm;-mnmmﬂ

Owreartiey WOSS/15822, 0
P having 8 through which droplets ere dispensed. ‘The
perforsts membrans is provided with a number of perforations having 8 roverse taper,
namely a tuger cross-eectional area st thet tace of the membrane away foum which
&quid droglets emerge tian a1 the oppozits tace of the membrene, from which cpposita
foce tiquid fiows In use 1 replace that In the emerging dropiot epray.

Tha present aimsto G above prob

wnmwmmuwummw
davica In which e metesed dosa of a gharmacologically sctive Dquid i provided to @
hokling from which the dose i thy eroan] sproy, the holding

dosals n

reservoly ] .
of the perforate membrene to cause fiquid Sow through the perforata membrene, te
faving p hasng tapor, namaly o trper crose-
sectional erea at 01t Hoe of 0w membrane oway from which Squid droplets emesge
thwn 8t Ow apposke face of the memivane, charactertsed by Dt
(e hokiing reservols b Ina chamber having 8
torm of 8 resii wichis tovary the

sstace bn e
of, end tuss adjust

mmnmmbm-mwmmm

durng such that
mmhﬁ@hn&immhwhdhm
membeane;

© cordnl device s arvanged to contral the
and s the generation of the diferental

g of the resibent dlephagy
scross 0he P
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Preferably, the resiient diaptragm Is formed from an etastomeric matarial such
&3 rubber,

Preferably, the chamber contains one of more vaives for cordroling the indet
andlor outiet of fhids from the chamber,

- The contral device may be a mdproceting plunger which is connected to the
resDent diaphragm sutstantialy et the centre,

Preferably, the resilent diaphragm I3 clamped by @ epray head assembly
aubstantially at its outer edga. Sealing means &uch ot an Owing may be provided to
ensure no fuld flows past the resilient disphragm.

An of the present

wid now be d with (-]

. e accomparnytng crawings, in which

Fig. 1 shows a Goss sectionad sida view of a device aocarding to the present
inventiong

Figs. 210 6 show stages durtng op of the devica of Fig. 1;

m1m-mmummwau
pharmacologically active Squid: and

munmmhmmmdmmm
for the device of Fig. 1. .

As can be seon trom Figs. 110 8, » dng dispensing devico 25 forming part of 8
mmymm-mm1hm-mmzbm
d L1 toone end of e casing 1,0

1] y 3 wprising spray head 3 meam 4,
daphragm clamp 118 end seal 17, A main retum spring 5 Is provided between @ rocess .
29 In the casing 3 nd the reservol body 2 to auppant e raervolr body 2, bixssed
towards B3 topenost position (as shown), within the casing 1. The reservolr body 2 b
movablo between o firs! and socond position within the cesing 1.

The reservolr body 2 has @ resenvoly cavity 8 in which a qudd drug 7 s stored
and which can be topped-up vis & ro-fill port Z3. A plunger 8 &s provided within the *
ceservolr body 2 and extends aut of the upper (as shown in Ow Ogeres) end of the
reservolr bady 2, sxch thal  engages with a cap 9 which covers the tp of the device

d. Aspray

25. Aphager pxing 10 terds from the dody 2 andt
mmmauammm& .
A canly 12 s provided &t endof e # cxvily 6 end e

metering cavly 12 (s in Squid communication, vid 0 cno-wJy bal e 13, wih a
dxpensing condut or fude 14 provided within the lower end of the reservolr body 2. An
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elastomenc diaphragm 15 is provided sround the tower portion of the resesvolr body 2
a5 |5 Joined €1 s outer edge b the casing 1 by dlaphragm clamp 11s end o sead 11,
which is zn O-ing, to define, togather with the reservolr body 2 end the casing 1. @
chamber V1.

] The spray head mounting 8ssembly 3 is provided with an outel 28 covered by
- & membrene 18 which, togethes with the lower portion of the resarvoir bady 2, the spray

head ] bly 3 end O i 15, defines s chambes V2.
The membrane 16 Is retained by 8 sasi 17 end Is provided with @ perforats portion 27
oveywhich 8 hoidin L oent B receive uld drug 7 though

10 mwm«muhmmmmndnmw .

s perforations 50 (see Figs. 8 and 8d) damhpaudm!sbmh
greater datal with redesonce to Figs 8a end &,

The spray head mounting sssembly 3 Is provided with a damping Infed valve 19
- leading Inip the chamber V1, a first ono-way exhaust vaive 20 from the chamber Vi and

15 & s0cond one-wey exhaust vaive 21 from the chamber V2.
Fg. 1 shows the devica 23 a1 rast pricr to metesing o prodefined dose of drug 7
Irto the holding resesvalr 18, bn this state, both the main retum spring Sand the plunger
retum epring 10 70 extended so Oxat the reservolr body 2 and the plunger 8 have been

MWMMWW(MML

2 158 fomis fiat atate and acts
-nmmmnmmwwvz These chambers are infially
and the p 50 the perforate portion 27 of membrane 16

oo dry and cpen.

. mmdmmmhﬁm-ﬂmummw
25 toFgL2b6 .
Todehmahqﬂhwwma(m

Fig.2). The resesvoly body 2 end the plunger ved
mmmwu-mmmmsuﬂmmmzm
physical siops 28. Al this stage the qing 10 bless

30  than s preload. mmmumwm«mubmw
closs {p the inner susface of the membrane 18.

The resenvoir body 2 forms en alr-ight slkding sead with the casing 1. Thereloro,

ety body2 s fram the VA1, Brrough the tirst

y 20and phragm 15 retuams towands Rs retaxed,

35 - atmostBststate. Al the szme time, sl b displaoed from the chamber V2 Srough the

socond one-way exhoust vaive 21, through the damping weive 18, and through the
pestorate portion 27 of the memtrane 16.

3
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p d In the W1, V2 and by tension in the efastomeric
céaphoagm 15.

However, when the damping vaive 191s slightly open, it wiil aflowalr to enter into,

end comversely extuoust from, the Vi st rats dned by the ring

5 force of the main retum spring 5. Therefor, as the main retun spring S pushes e

reservoly body 2 upwards 2, the vokume of A 2] s at e ate

. untll e reservolr body 2 reaches 8 pradefined physical siop (not shown) (ses Fig. 8).

The maln retum spring S als: 1L 1Stostrotchat

-mmmhmmwmdnmwmmn.

10 cadn, The pn within the ,vzwmwhmdmw
3 tharefore reducss ot 8 controled rate,

mmmmm)umwmdhmm

21imits the of the apm 15 and defines the fina)

15 Al B siage, the pressure b the damber VY s st ambient proscuma,
. Therefore, the net resutt b that the target {operating) negative prassios, which
s closa to the bubbie point pressure for the spray head esserably 3a (the butble point
pressure being the pressure fferential st which oy bubblen enter the chamber V2
Orough the perforations 50 in the perforate portion 27, by overcaming the sustace
20 tension of the menisd of iquid dug), can be reached a1 a controlied rata withowt aly
being ingested Gwough the mentbrane 16
1 the negative px hthe v2is g too quickly, Le. by
opening the damping vaive 19 o fzr. Gon the siatace. tension of the Eedd drug
coverirg e perforations in 0w perforate porfion 27 of the membrane 16 wit be
25 overcome. Al will then be Ingested rapidly tsough the perforats portion 27, hence
eancelling the negative presture in the chamber V2. by the shizence of 3 negative
mmmwmanmm-m

4 thod the rrtm of obr and

that ol g 9
vave 195 of tion through the frst ang way vaive
» 20,
A controb k] InFg. 7 tigoers the dedvey of the quid -
drug Brough the perforate portion 27 of the 16 by i
actuating means (not thown) such o vidratihg means. The

mummnuulm-hm:ﬂhmﬂvﬂhmmm
35  defvory system. The anemomatry 39 censes when o patiers ia infafing and bying 1o
tigger the spray head deldvery.

WO orsare? PCTICBO101%4

As can be seen n Fig. 3, once the reservair body 2 hes resched its physicel
stops 28, further depression of the cap 8 compresses the phnger retum spring 10, This
pushes 8a the phunges 8 into the metering cavity 12 (sse Fig. 1). The panger 81
provided with o phunger seal 24 which engages with the side walt 12a of the metering

8 covity 12to form o seal herowith. This tups & matared doss of the tquid drug 7 in the
metoring cavity 12 The seafing pressure of the plunger seal 24 agains the cide-wall
12a of the metering cavlly 12 Is greatar than the seafing pressire of the efastomeric ball .
vaive 13 against the ball vave sest 135 Therefore, a3 the phomger 8 Is depressad
further, 0 trapped doss of Bquid drug 7 b displacad from the metering cavity 12 past

10  13b the ane-way elestomeric bell vaive 13, through the dispensing conduit or tube 14
snd into the holding reservoir 18. The holding resesvolr 18 has a sido-wall 22 which s
either coated with of formed of PTFE. n this config: all ol the 50 tn
the perforsty portion 27 of membrans 16 &re now covered with fquid dng 7o.

Once the cap 9 Is relessed, a3 shown b FIg. 4, the plunger retum epring 10

15 starts to oxpand, pushing &b the punger 8 out of the metering cavlty 12, tus creating
2 partial vacum In the metering avity 12. Tho elastomeric bel vahve 13 remains
desed. Tha plunger return spring 1018 strong encugh to overcome this pastial vacuum
$0 g3 to push b the phmger 8 ciazar of the metaring cavity 12 untll it reaches 8 physical

' stop (not shown). This pertial vacuasn pressire reduces 83 the plunger 3 is withdrawn

2  Bd from the metering tavily 12 undl the presTIG drop oGS the plunger seal 24
exceods the sealing pressure against the skis-wal 12a of the metering cavity 12 A
smal) amount of iguid drug 7 can then fiow past the plunger sezd 24 Into the metering
cavity 12 as the plunges 8 I» withdrewn 6b. ‘The main retum spring 8 s eble o extend,
pushing 26 the reservolr body 2 upwards as shown In Fig. 3. Thia then causes the

25  chambers V1 and V2 to expend and the olastomeric diaphragm 13 to stretch.

Alr cannot enter through the ono-way veives 20, 21 or through the perforsto
portion 27 of 18 as tha 50 are now covered by dquid drug Ta.
The pertorations 50 reals! alr ingress because of the surtace tansion of the Bquid drug
forming menisc acsoss the perforstions S0 tn the perforata partion 27 and thersfore, 8

30  the chambers V1 and V2 expand, the within B below
embilent p The ¥ body 2 1o move upwards 2s untd the
restoring force of the ain retum spring 5 IS stalted by the oppesing torces created, in
the main, by the negative pressures In the chombers V1 and V2 and by the tension in
the etastomeric dizphragm 15.

38 mmmmishmmmaﬁmmmwwm
€0 the maln retum swing 5 wil not extend far before R is stalled by the negative

WO 0233207 PCTAGBILOINGS

The maximum spring load of the pkmger rehum spring 10 preferably should not
excead 20N. This therefors Bmis the foroe that a user must axest in order to operate the
dovico.

Tho plunger retum spring 101 and this prokaad chould be than

S e fully compressod toad In the main retum spring 5. This ensures that tha reservolr
ody 2 s fully down against Bs physical stop 28 betors the dose is metered into the
Nolding reservolr 18, 1ftho dose s meterd tom the dispensing aperture 14 when the
rosarvolr body 2 s not fully down, sl ar pert of the dose may miss the holding resesvolr
18 mmmmhmmwmmmumumh

10 copOls because the nthe portion 27 of the membrane
18 wil) remain dry and open.

AS The phunger 8 is withcrawn 8b from the reservalr cavity 12 e partiad vacuum

# Goated b the dosed y badaive 13 ond the phunger seal

24, The spring fores rangs of the phmper retum spring 10 must be suffiderd to &1 the
15 Wumanwmummmommmhmm
order to creats difforen: sea! 24 (b Bquid dug,
7nwmamumummmmum
mdmwuamumtudmmmm
Uquid drug 7 s then above to flow past the phunges seal 24 and bnto the reservolr covty
20 12 a3 tha phmger 8 is withdrown 5b, This hes the edvantage of minknising foam

within Ce cavity 12 with 6quid dngs containing

Mnmdmm . .

The spring force range of the main rehan spring S must be sufficient to B the

i body 2 agatni th pe the wviva,

% 0o of the ciaphrags 1swmmdmmu
between Bhe reservolr body 2 and the casing 1.

- The =ion in the eric 15, which bs echieved when

the reservoir body 2 s al rest, must be high enough t makntzin the' g negatve

,. within the vz te [H] under -

3  tat pegative p Ths torce mus? oot be high encugh o prevent he

main retum spring 5 fom Cling the cosenclr body 2 1P againt the predetermined
phrysical s10p dhiring the ger of the negath

mmhmmdmmmwmbmm
mmmummmmswﬂmwmmmm
335 of the etsstomeric diaphragm 15. .
mmrlmmmmmmmmmm
smpifiers {op-amps) 31,32, mhich ot volages oves (e A8 power eupply
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10

mtammwwmwmm Opamp 3 s In ciosed
wwmm-wmwpmm-mmum
enemometer Gamerd 38 mmmwummwbww
nmnmumuamm The comparator i 9
switching dovice having & ot and 8 Inxa  When e
mmnhmmmmwu e output 35 from Te

apamp 32 swiches from GND 1o Voc.
. Chratts of Bhis type & well Known in gnemomedy. mnmdm
7 shows & simple tation of o ciroutt highand

low rates of changs of elr flow, Tha RC time constant used for the referonce voltage
uhmnmnw\md.hlhwdm.mmmmw
nwnmmmmmmmmdam-
mnmmuum»umammwm
mmmmm The mesnurement voltage 33 &1 the comparator cp~
mnummmmnmmmwaww
mm.mmmmsnnwwmmmmmm
ummmuawmmmmnm
wvoltage 33 d e oltage 34 dus to the differenca in the tima constant
of the reference end medsunment voltages. In order tor this  happen, a certadn
mamdwunumum When the messurcment
msmumwmammu.mnmm
stats w1 the output 35 mmmmmmmmmnh
mmmmmunmwmwmwwm Thus, 8
s possible to couple Sis drout directy to TTLboglc devicos.
mmanmwmmmmm The
mmahmmhwnmmwdmw
mumwammmmammmuamd
change of patient's inhatation. The"second variabie rgsistor 37, tn the Wheatstono
bridge, ks provided to ot the ol the

wm.mmdwhmmahmua
breath trigger evice.
A field eftect transistor 33 by usad o alter e rato of he

wm«mummw.hmvhw. in this way, the .

mwdnmmwbmmmmbm\na
useful operating fta when powered by batteries.

CLAIMS

1. An asrosol dng dispensing device i which 8 meterad dose of @
phammacolagically ective Squid s provided t 8 holding reservolr from which the doss is

. 0wn dispensad a3 an sercsol spray, the hodng reservolr inchading & pertorsts

membrane from which the dosa s by actuztion of the
to caunse guid fow trough he the mbrone having
mm-mmm-wuw“nmma
mmmmmmawmmnv-mhdh
memirene, cherecterised In that
mmwuwmmm.wmmm
form of o resient Gaphragm which bs stretchable to vary the vokume of, end thess adjust
the pressure bn, the chamber to provide 8 pressurs (Xerential across the cesilient

Honr of the dthin the

hokding irls less han the P on the cppositn sids of the perforsts

membrane;

mmmmammmmmmm

2 An oerosal dnyg dispensing device accarding o ctaim 1, whesein the resilent
Gaphragrn bs formed trom an elastomeric materdal,

4 o dovice toany 1o 3, wheroln te
chamber contai s one or mom vaives for condroling the inkel and/or cutiet of fuids from

5. Ansemsdang devics scconting to any of cabrs 1 (0 4, whereln the
contul devico b & ing phanger which s to the resiient daphragm
sutystanally at the centre.

6 An aerreal ctres devhCn

g dlsp ol chaiens 1 10 S, wherein the
mwuwm-mmwmnnmm

39andisused - -
1 co! the mintmum rats of changs of e fiow that the chradt can detoct, Thus, theso- -

-mmawmmmmdmmw .

10
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A th Aol oo 12 Pt N

Ag 18,
which is to vibrate ly in the direction of erow 58 and which is
suitable for tse with the drup dispensing devico 25 to produce fine eerosol sprays. tn

! Y

® pluraiity of tapered conical 50. Each 50 has S
the front exit 200 2t apenings 54 tn the reas entry face, which perforations are laid out
Ina square latice. Such may be

into polymes by,
for axample, iaser<iBng with an excimer taser. .

Figwr

2018, which membrene s o vorst ¢ o with dng
dlspensing devicn 25 n w clrection of arow 53. Tho membrena s famed xs 8 ciratar
dicof 8men trom edechetomed ricksl, and is for example, by
Stork Vecof e t 5 70 mirons an i forrmed with

amdmmummummm&m}edw
shown 62 °5" of 120 microns snd at Year' taco 2052 ere of diamater shown &l °d° of 30

microns, Th are takd out nen oquiatoral Tattion of plch 170:m.
The profie of the perto . \the
Gwough the with fat Tond” reglons (shown ot °¢”) of
smalest dinension 50um in Sont face 2031,
20
8
WO 233297 PCTIGBOLOIGE

7. An serosol drug dispensing device according to any of ciaims 1 to 6, inchuding
8 deaing means to ensiss (ha thare is no fhuid flow past the resilent dlaphrogm.

10
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